Material & Process Selection Various alternative material options are available in market. Light weight metals, Alloys, Plastics etc. are available options for this project. Selection factors are density, Ultimate Tensile Strength, Manufacturing process and total manufacturing cost. In metals we have selected Aluminium alloy 6061-T6 which is widely used for Aluminium cans for the packaging of food and beverages, automotive parts such as wheel spacers, construction of aircraft structures, such as wings and fuselages etc. Whereas ABS (Acrylonitrile butadiene Styrene) is selected from plastics because of availability of 3D printing process is low cost manufacturing process. ABS's light weight and ability to be injection molded and extruded make it useful in manufacturing products such as drain-wastevent (DWV) pipe systems, musical instruments (recorders, plastic clarinets, and piano movements), golf club heads (because of its good shock absorbance), automotive trim components, automotive bumper bars, medical devices for blood access, enclosures for electrical and electronic assemblies, Household and consumer goods are the major applications of ABS. ABS material is selected because of availability of low cost manufacturing process -3D printing compared with other materials, Light weight (Density = 1100Kg/m 3 ) and having better load carrying capacity.
B.
Selection of Electronics components a.
Microcontroller -
A microcontroller is a computing device capable of executing a program (i.e. a sequence of instructions) and is often referred to as the "brain" or "control center" in a robot since it is usually responsible for all computations, decision making, and communications. Following factors are considered while selection of microcontroller: 1) Popularity in robotics world There are various benefits of using popular microcontroller because it is common for robot builders to share results, code, pictures, videos, and detail successes and even failures. All this available material and the possibility of receiving advice from more experienced users can prove very valuable. 2) Inputs to microcontroller Apart from basic common features of microcontrollers while others need specific hardware (e.g ADC, PWM, and communication protocol support). Also memory and speed requirements, as well as pin count taken into consideration.
3) Compatibility of my accessories with microcontroller Although most sensors and accessories can be interfaced directly with many microcontrollers, some accessories are meant to interface with a specific microcontroller and even provide out-ofthe-box functionally or sample code. 4) Cost The microcontroller's cost must be low s possible which will results in effective low cost solution.
5) Specifications
Since our robot will use five motors, the microcontroller will need five digital pins for direction control, and five PWM pins for speed control. Based on above parameters we have selected Arduino Uno R3 with cable. The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it with an AC-to-DC adapter or battery to get started. The Arduino Uno can be powered via the USB connection or with an external power supply. The power source is selected automatically. The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other microcontrollers. The Arduino Uno can be programmed with the Arduino software. The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows user to upload new code to it without the use of an external hardware programmer. It communicates using the original STK500 protocol.
b.
Actuator . Various rotational actuators are available in market such as AC Motor, DC Motor, Geared DC motors, R/C servo motor, Stepper motor etc. Selection factors are:
1) Range of motion
If the range is limited to 180 degrees and the torque required is not significant, an R/C servo motor is ideal. Servo motors are offered in a variety of different torques and sizes and provide angular position feedback (most use a potentiometer, and some specialized ones use optical encoders). R/C servos are used more and more to create small walking robots.
2) Specifications
Here we have considered finger as a rigid cantilever beam. Four fingers need to hold 1Kg of load. So free body diagram will be as shown below cantilever beam fixed at one end & load of 1.2Kg at other end. 3D CAD model has created using Catia V5 R19. Proposal one is having circular cross section whereas proposal two is having square cross section. Overall dimensions such as total length, width of finger, length of finger etc. are kept same in both proposals. Figure below shows overall dimensions of proposal -1. Proposal -2 is having same overall dimensions. Also exploded views, simulation is shown only for proposal -1. 
IV. EXPERIMENT AND RESULT
Finite element Analysis carried out by using ANSYS 15.0. As fingers will in direct contact with object to hold, only analysis of fingers is carried out. Transient Structural analysis is used.
Step by step procedure is explained below. 
